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EXPERIMENTAL METHODS
SOA Preparation
Photooxidation of NAP was carried out in a 5 m 3 Teflon chamber under dry, high-NO x conditions.
The chamber was purged overnight with 60 L min -1 of dry clean air resulting in residual levels of particulate matter, O 3 and NO y that were below the detection limits of the corresponding analyzers.
Approximately 2-4 ppm (10 -6 by volume) of H 2 O 2 was introduced to the chamber by evaporating 40-80 µL of H 2 O 2 (Sigma-Aldrich, 30% by volume in water). This was followed by adding 450-900 ppb (10 -9 by volume) of NAP by evaporating 25-50 µL of 0.5 g mL -1 NAP (Fisher, 99% purity) dissolved in dichloromethane (Fisher, 99.9% purity) and 500-800 ppb of NO from a premixed gas-bottle (Praxair, 5000 ppm NO in N 2 ). The precursors were thoroughly mixed in the chamber using a fan, which was later turned off once photolysis began to minimize particle wall losses. . 2 Typically, 800-1300 µg of SOA material was collected on each filter. The filter samples were either used immediately or were stored in a freezer at -20 °C before photolysis experiments and/or HR-MS analysis.
In addition to the NAP SOA samples, SOA from ozonolysis of LIM (LIM/O 3 SOA) was generated and aged with NH 3 to produce BrC as described in Lee et al. 3 This type of aged SOA has a distinctive, well-characterized absorption spectrum in the visible range, [3] [4] [5] [6] making it a convenient model system for studying photochemistry of BrC. We will refer to this material as "aged LIM/O 3 SOA" in the manuscript.
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Optical Properties and Photolysis of Aqueous SOA SOA was extracted from filters by sonication in 1.8-2 mL of deionized water for 10-15 minutes to achieve a concentration of 0.58 ± 0.07 mg mL -1 of dissolved SOA material. The completeness of the extraction was verified by first extracting the filter with water and then extracting the residual material on the filter with acetonitrile. By comparing the UV absorbance of the primary water extract and secondary acetonitrile extract we estimate that water extracted more than 80% of the organic material for both NAP and aged LIM/O 3 SOA. A dual-beam spectrometer (Shimadzu UV-2450) was used to record UV/Vis absorption spectra of the SOA extracts in the 200-700 nm range. Three-dimensional excitation-emission matrix (EEM) spectra of SOA extracts were acquired with a Hitachi F-4500 fluorescence spectrometer as described in Lee et al. 3 The excitation wavelength spanned the 200-500 nm range in 5 nm steps, and the emission was recorded over the 300-600 nm range in 2 nm increments. Deionized water served as the background for the absorption and EEM measurements. Figure S1 . Absorption spectra of a NAP SOA sample measured at different pH levels.
We investigated the effect of the solution pH on the absorption spectrum by adding few drops of 0.1 M KOH or HCl to the solution to make it more basic or acidic. We observed that the absorption spectra of the NAP SOA extracts were pH dependent; Fig. S1 shows that the absorbance increased significantly between 400-500 nm with the increase of pH. We attribute the pH dependence to acid-base equilibria of nitrophenols, which are important products of high-NO x photooxidation of aromatics (see Vione et al. 7 and references therein). In addition, ionization of SOA compounds, such as carboxylic acids, may also contribute to the red-shift, as shown by other authors. [8] [9] [10] [11] [12] Spectra of nitrophenols are known to experience a significant red-shift upon ionization in solution. 9, 12 For example, 2,4-dinitrophenol does not strongly absorb radiation above 300 nm, while its anion has distinctive absorption bands between 300 and 450 nm. As shown in Fig. S1 , an increase in pH above pH = 6 resulted in the appearance of absorption bands between 400-500 nm suggesting that nitrophenols contributed significantly to absorbance by NAP SOA. The measured pH values of the NAP SOA extracts were around 5-6, similar to the pH of cloud droplets. 13, 14 Under these conditions, the degree of ionization of nitrophenols should be relatively small.
All the photolysis experiments described in this work have been carried out at pH = 5-6 (obtained when an SOA sample was extracted in water).
The procedure for the photolysis of aqueous SOA extracts was similar to that described by Epstein et al. 15 for photolysis of aqueous methyl hydroperoxide (CH 3 OOH). A standard 1.0 cm quartz cuvette containing the extract was placed in a temperature controlled cuvette holder. A small magnetic stir bar mixed the sample during photolysis. The absorbance at a selected wavelength (300 nm for NAP SOA and 500 nm for the aged LIM/O 3 SOA) was continuously recorded to determine the photolysis rate. In addition, a complete absorption spectrum was periodically taken (the stir bar was stopped during these measurements to avoid noise from solution turbulence). Radiation from a xenon arc lamp in a Newport
Optics Photomax housing was reflected with a 90-degree dichroic mirror, filtered with a U-330 band-pass filter (Edmund optics 46-438), and coupled into a 1 m long, 0.95 cm diameter light-guide. The light guide delivered the radiation into the UV/Vis spectrometer and irradiated the cuvette from above. The radiant flux density was determined by photolyzing a 0.1 M solution of azoxybenzene (Fisher Scientific, 98 %) in ethanol in the presence of 0.1 M potassium hydroxide. 15, 16 Azoxybenzene is a convenient actinometer for relatively slow photolysis processes in SOA because its quantum yield is relatively low (QY azo ∼ 0.020) and does not strongly depend on temperature and concentration. 16 The actinometer measurements were carried out both before and after SOA photolysis. The photolysis rate was determined from the rate of increase in absorbance due to the azoxybenzene's photoisomer, using its known molar extinction coefficient of 7600 L mol -1 cm -1 at 458 nm ( Figure S2 ).
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Calculation of the Radiant Flux Density from the Actinometry Measurements
In the experiments described in this paper, the SOA or actinometer solution of volume However, for the purposes of actinometry, it is more convenient to make the absorbance of the actinometer reasonably high so that all of the incoming radiation is absorbed by the solution (it is important in this case to mix the solution during photolysis). In this case, eq. S1 simplifies to:
We assume that D 0 (λ) is directly proportional to the intensity of the radiation measured with a USB4000 Ocean Optics spectrometer:
In this formula, OO(λ) is a baseline-corrected dimensionless function of wavelength returned by the USB4000 spectrometer. The constant α, which has the same units as D 0 , has to be determined for each specific set of experimental conditions. In order to do so, we measure the rate of photolysis of the actinometer from the time-dependent rise in absorbance of the photolysis product of azoxybenzene. azoxybenzene + hν → azoxybenzene photoisomerization product In the strong actinometer absorbance limit, the absorbance by the product, A product , grows linearly as shown in Fig. S2 (a) . This can be converted into the actual photolysis rate using the known molar extinction coefficient of the product, ε product = 7600 L mol Expressed in molecular units, the photolysis rate is directly proportional to the initial slope in Fig. S2 (a) . 3 [product] 1000 1000
The ratio of the rate of photolysis from eq. S5 and the rate of absorption from eq. S3 are equal to the quantum yield of azoxybenzene (φ azo ∼ 0.020). 16 Combining all the equations together, we obtain eq. S6
to determine constant α:
Finally, in a case where the entire cross-section of the cuvette is illuminated (which approximately applies to our measurements), all dimension-related terms cancel out, leading to:
This is the equation we used in calibrating the spectral flux density. A typical result for D 0 (λ) is shown in Fig. S3 . Figure S3 . A typical solar and spectral flux density of radiation, D0(λ), from the irradiation source compared to that from a sun in zenith.
Procedure for Calculating the Effective Photolysis Rate
We calculate the effective rate of NAP SOA photolysis under realistic atmospheric conditions from the experimentally determined rate. Since the wavelength-dependent photolysis quantum yield information is not available from our experiments, we make the following approximations:
1. Photolysis is limited to wavelengths below 400 nm (visible photons are not expected to be energetic enough to result in photolysis). This assumption prevents the overestimation of the atmospheric photolysis rate when convoluting the absorption spectrum of SOA and solar flux.
2. Photolysis quantum yields for the absorbing NAP SOA compounds do not strongly depend on wavelength over the range of the photolysis source (shown in Fig. S3 ).
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These assumptions make it possible to re-scale the experimental photolysis time scale into an effective photolysis time relevant to the atmospheric environment as follows: 
In this equation, F represents the actinic flux from the lamp or from the sun, and σ represents the effective absorption cross section of NAP SOA, which is proportional to the measured absorbance of the NAP SOA solution. The photolysis quantum yields cancel out from this equation because of the second assumption. The spectral flux density of the photolyzing radiation, D lamp (λ), is obtained using the methods described above (a typical result is shown in Fig. S3 ). The solar actinic flux, D solar (λ), was obtained from a TUV calculator provided by NCAR, 17 at one kilometer ground elevation and surface albedo of 0.10 (the result is also shown in Fig. S3 ).
The effective photolysis time at zero solar zenith angle, t(effective), can now be calculated from the experimental photolysis time in the lab, t(laboratory), using eq. S9.
J EXP t effective t laboratory J ATM
For the LIM/O 3 SOA + NH 3 data, the integration range for eq. S8 was from 250-400, due to the optically active region shown in Fig. 3 in the manuscript. The J(ratio), ~ 0.56, was slightly higher than NAP SOA, as shown in Table S1 .
Electrospray Ionization High-Resolution Mass Spectrometry (ESI/HR-MS)
Three separate sets of SOA samples were analyzed with a high-resolution (m/∆m ∼ 10 5 at m/z 450) linear-ion-trap (LTQ) Orbitrap TM mass spectrometer (Thermo Corp.) equipped with an electrospray ionization (ESI) source operating in the positive ion mode. In each set of experiments, two identical SOA filter samples were separately extracted to obtain 0.34 + 0.07 mg mL -1 SOA solutions in water. One of the solutions was photolyzed while the other was kept in the dark as a control. The exposure was equivalent to about 3-4 h under a solar zenith angle (SZA) of 0°.
After photolysis and immediately prior to analysis, the aqueous solutions were mixed with acetonitrile (Aldrich, HPLC grade) in a 1:1 ratio to improve the ESI source stability. Mass spectra of a blank sample corresponding to a 1:1 mixture of acetonitrile and water, and of a calibration mixture of caffeine MRFA and Ultramark 1621 (LTQ ESI Positive Ion Calibration Solution, Thermo Scientific, Inc.)
were also recorded. The combination of the external calibration and an internal re-calibration of each S10 spectrum with respect to the expected products of NAP oxidation resulted in an estimated peak position accuracy of better than ± 0.0005 Da over the m/z 100-500 range of interest where more than 95% of the detected peaks were found. The compounds were detected as sodiated [M + Na] + and/or protonated [M + H] + species. For clarity, the formulas discussed in this paper will correspond to the neutral analytes. The data analysis was carried out as discussed in Nizkorodov et al. 18 Briefly, peaks that appeared in the blank sample and peaks corresponding to 13 C isotopes were discarded. The peaks were assigned to formulas C 1 
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List of Peaks Removed, Formed, and Remaining After Photolysis of Aqueous NAP SOA. Table S1 . List of m/z values, ion formulas, and relative abundances (at t = 0) of SOA compounds removed and formed during photolysis. The intensities (in %) are normalized relative to the intensity of the largest peak in each spectrum. Compounds listed on Distribution of N-Atoms in the Products Before and After Photolysis Table S2 . Breakdown of the observed ions by nitrogen content. 0N and 1N refer to compounds containing 0 and 1 nitrogen atoms, respectively. As shown in this table, ∼ 13% of the 1N compounds are removed, and ∼ 13%, of the 0N compounds are formed by photolysis, suggesting that one of the mechanism of photolysis involves removal of -NO2 groups from the nitroaromatic compounds or -ONO2 groups from nitric acid esters. Fig. 1 ).
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